3
antisense DIG labeled probes for gfi1ab (5) , sox1a (6) , dusp6 (7) and ca-fgfr1 (8) . Hybridization step was performed at 65°C for dusp6 and ca-fgfr1 probes or at 60°C for gfi1ab and sox1a probes, in hybridization mix (formamide 50%, 4X SSC, yeast tRNA 1 mg/mL, heparin 0.05 mg/mL, Roche blocking reagent 2%, CHAPS 0.1%, EDTA 5mM, Tween 0.08%); details of the in situ hybridization protocol are available upon request. In situ hybridizations were completed using Fast Red (from Roche or Sigma Aldrich) as an alkaline phosphatase substrate.
Immunohistochemical stainings were performed in PBS containing 0.5% triton using anti-GFP (1/1000, Torrey Pines Biolabs) and Alexa 488 or Alexa 555-conjugated goat anti-rabbit IgG (1/1000, Molecular Probes). For nuclear staining, embryos were incubated in Topro-3 (1/1000, Molecular Probes) as previously described (9) .
Image acquisition
Bright field pictures were taken on a Nikon eclipse 80i microscope. Confocal images of fixed embryos were acquired on upright Leica SP5 or SP8 microscopes, using the resonant fast mode and oil x63 (aperture 1.4) or x20 (aperture 1.4) objectives. Live imaging was performed on an upright Leica SP8 microscope using a water x25 objective or an inverted Zeiss 710 with a 63x oil objective. Confocal stacks were analyzed using ImageJ software.
Quantification of the number and position of Tg(dusp6:d2EGFP) positive parapineal cells
The position and number of parapineal cells negative or positive for expression of the Tg(dusp6:d2EGFP) transgene were analyzed using ImageJ software (ROI Manager tool), the position of each cell being defined by the center of the cell nucleus detected with Topro-3 staining. The total number of parapineal cells was estimated by counting cell nuclei in the parapineal rosette using Topro-3 staining (as described in Fig. 1F, Fig. 4 , Fig. 6 and Fig. S2) or by using sox1a expression as a specific marker of parapineal cell identity (Fig. S2) . For each parapineal cell, we calculate its x and y position relative to the center of the parapineal (calculated as the mean of x and y positions of all parapineal cells).
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To avoid possible bias in the counting procedure, when different genetic contexts were analyzed and compared (Fig. S2, Fig. 4 and Fig. 6 ), we quantified the mean intensity of the d2EGFP staining in an area corresponding to the cell nucleus by using the ROI Manager Tool (ImageJ). We then defined an intensity threshold above which the cell was considered to be 
Calculation of the Asymmetry Index (AI) of Tg(dusp6:d2EGFP) expression
Compared to control embryos, expression of Tg(dusp6:d2EGFP) and laterality of parapineal migration in ntl and spaw morphants was variable. Consequently, for each embryo, we calculated the parapineal mean position relative to the midline (using Topro-3 as a nuclear marker as described above) and an asymmetry index of Tg(dusp6:d2EGFP) expression using 
Live imaging and time-lapse analysis
One cell stage eggs carrying the Tg(dusp6:d2EGFP) transgene were injected with 50-100 pg of mRNA encoding the nuclear red fluorescent protein H2B-RFP. Embryos were anesthetized with MS-222 at 24-25 hpf and mounted in drops of low melting agarose (0.6% in fish water) on a plastic petri dish (50 mm diameter; 4-8 embryos per plate) for imaging on an upright microscope or on a plastic petri dish (35 mm diameter) with a coverslip at the bottom (14 mm glass diameter) for imaging on an inverted microscope. Petri dishes were filled with fish water containing 0.5x MS-222 (0.08 mg/ml) and 0.5x PTU (0.0015%) to impede pigment formation.
The embryos were imaged at 22-24°C. Controller software, whereas for irradiation, the shutter was opened in a predetermined timesequence that was triggered via an externally mounted Arduino Uno board controlled trigger.
We tested different parameters of time and intensity and obtained the best activation of the Tg(hsp70:ca-fgfr1) transgene using time-sequences of 0.5 seconds and 80 mW intensity. On each embryo from 25 hpf to 29 hpf, we irradiated 2 to 3 cells located in the anterior part of the pineal complex. After focal heat shock, embryos recovered in fish water containing PTU 0.003% at 28°C. Some fgf8 -/-embryos (n=25 in total) were fixed 1h to 3h after the heat shock to check the induction of the CA-FgfR1 transgene expression by in situ hybridisation; these embryos were genotyped for the presence of Tg(hsp70:ca-fgfr1) transgene (n=10/25). The remaining fgf8 -/-embryos (n= 65 in total) were fixed at 50 hpf after Tg(hsp70:ca-fgfr1) positive embryos were sorted by expression of dsRED in the lens. In both groups of irradiated fgf8 -/-mutants embryos (with or without CA-Fgfr1 transgene), we analyzed the mean position of the gfi1ab expressing parapineal cells relative to the midline as described in the previous section.
Statistical analysis
The mean position and number of parapineal cells were compared between datasets using R 
Data availability
The data that support the findings of this study are available from the corresponding author upon request. Supplementary Tables S1 to S5 Table S1 . The datasets were compared on R Studio using the function 'pairwise.wilcox.test' with the pvalue adjustment method 'holm'; 'No HS_': non heat shocked embryos. 
